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(57) ABSTRACT

A failure determining apparatus for a gas-insulated electrical
appliance where the appliance 1s a cylindrical metal con-
tainer with a charged conductor, insulating gas, and a
plurality of 1nsulating spaces 1nside for supporting the
conductor and partitioning the container. The failure deter-
mining apparatus has a high-speed developing sensor which
detects a high-speed phenomenon caused by a failure within
the gas sections; a first failure determining circuit which
determines the presence of a failure from an output of the
high-speed developing sensor; a low-speed developing sen-
sor which detects a low-speed phenomenon caused by a
failure within the gas sections; a second failure determining
circuit which determines the presence of a failure from an
output of the low-speed developing sensor; and an arith-
metic control circuit which identifies a gas section of the
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FIG. 11
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FIG. 12
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FIG. 13
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FIG. 15
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FIG. 16
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FAILURE DETERMINING APPARATUS OF
GAS-INSULATED ELECTRICAL APPLIANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a failure determining
apparatus of a gas-insulated electrical appliance, which
determines presence or absence of ground-fault or short-
circuit of a charged conductor 1n a gas section, by detecting
a change 1n the gas pressure 1n the gas section forming the
cgas-1nsulated electrical appliance.

2. Description of the Related Art

A gas-insulated electrical appliance has a cylindrical
metal container housing therein a charged conductor corre-
sponding to a single phase or three phases. The former has
a risk of suffering from a ground-fault of the charged
conductor to the metal container, and the latter, ground-fault
of charged conductor of each phase to the metal container
and short-circuit between the charged conductors of differ-
ent phases. Since these inconveniences are similarly covered
by the present invention, only the former case will herein be

described.

A conventional failure determining apparatus of a gas-
insulated electrical appliance will first be described with
reference to the drawings. FIG. 17 1llustrates the configu-
ration of the conventional failure determining apparatus of a
cgas-insulated electrical appliance.

In FIG. 17,1 represents a cylindrical metal container to be
filled with an msulating gas; 2, a charged conductor housed
in the metal container 1; and 3a, 3b and 3¢, msulating
spacers partitioning the metal container 1 into gas sections
and 1nsulation-supporting the charged conductor 2.

Also 1n FIG. 17, 11 represents a gas pressure detector
detecting a gas pressure signal corresponding to a gas
pressure of a gas section for comprehensive control through
communicating piping, attached to the metal container 1; 12,
a sampling circuit sampling a gas pressure signal 1ssued by
the gas pressure detector 11 after the lapse of a prescribed
period of time by mput of a ground-fault current detection
signal from outside; 13, a failure determining circuit which
determines occurrence of a ground-fault if a sampled gas
pressure 1s larger than a threshold value through comparison
of the gas pressure signal sampled at the sampling circuit 12
and the threshold value.

Operations of the conventional failure determining appa-
ratus of a gas-insulated electrical appliance will now be
described with reference to the drawings. FIG. 18 1s a
waveform diagram showing a gas pressure signal detected
by the gas pressure detector of the conventional failure
determining apparatus of a gas-mnsulated electrical appli-
ance.

For one of the gas sections formed by partitioning the
metal container 1 by means of 1nsulating spacers 3a and 3b
under comprehensive control through a communicating
piping, when a ground-fault occurs between the charged
conductor 2 and the metal container 1, the pressure of the
insulating as in this gas section suddenly increases near the
arc, leading to production of a pressure wave. The gas
pressure detector 11 detects a gas pressure signal based on
superposition of a gas dynamic pressure signal correspond-
ing to a dynamic pressure ol the insulating gas of this
pressure wave on a gas state pressure signal corresponding,
to the static pressure of an auxiliary gas filling the neigh-
boring gas section connected by the communicating piping.
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2

This gas pressure signal and a ground-fault current detec-
tion signal from outside after the lapse of a prescribed period
of time from the occurrence of the ground-fault are entered
into the sampling circuit 12. Therefore, the gas pressure
signal P2 at the point in time T2 when a prescribed period
of time t from the point in time T1 when this ground-fault
current detection signal has been entered is sampled (see

FIG. 18).

In the failure determining circuit 13, occurrence of a
oround-fault 1s determined 1f the sampled gas pressure signal
P2 1s larger (the gas pressure signal P2 is larger in FIG. 18).

Although not shown 1n FIG. 17, the gas pressure detector
11 1s attached to the metal container 1, also for the other gas
sections, to determine occurrence of a ground fault by
connecting the same to the sampling circuit and the failure
determining circuit.

In the conventional failure determining apparatus of a
cgas-insulated electrical appliance, as described above, the
gas pressure signal P2 1s sampled at the point 1n time T2
upon the lapse of the prescribed period of time t from the
point 1n time T1 of input of the ground-fault current detec-
tion signal, on the assumption that the gas pressure signal
detecting by the gas pressure detector 11 takes substantially
the shape shown 1n FIG. 18. The sampled signal 1s compared
with a prescribed threshold value Pt, and 1if the gas pressure
signal P2 1s larger, occurrence of a ground-fault 1s deter-
mined. However, the increase in gas pressure may differ
from that shown 1n FIG. 18 under the effect of the size of the
metal container 1 arranged between the mnsulating spacers 3a
and 3b, the arc energy upon occurrence of the ground-fault,
or the duration of the ground-fault. Because a threshold
value cannot be primarily set, a problem 1s encountered in
that the presence of occurrence of a ground-fault cannot
accurately be determined.

SUMMARY OF THE INVENTION

The present invention was developed to solve the above-
mentioned problems, and has an object to provide a failure
determining apparatus of a gas-insulated electrical
appliance, which permits improvement of certainty of deter-
mination through a combination of sensors of different types
for the purpose of accurately i1dentifying a gas section 1n
which a ground-fault occurs without being affected by
conditions upon occurrence of the ground-fault such as
structural restrictions including the interval between the
insulating spacers, the arc energy produced upon occurrence
of the ground-fault, and the duration, thus permitting reduc-
tion of the trouble eliminating operations upon occurrence of
an accident.

The failure determining apparatus of a gas-insulated elec-
trical appliance of a first aspect of the present mvention
determining a failure, having a cylindrical metal container,
a charged conductor housed 1n the metal container filled with
an 1nsulating gas, and a plurality of insulating spacers
insulation-supporting the charged conductor from the metal
container and partitioning the interior of the metal container
Into gas sections, comprises a high-speed developing sensor
which detects a high-speed phenomenon caused by a failure
such as a ground-fault or a short-circuit within the gas
sections; a first failure determining circuit which determines
the presence of a failure from an output of the high-speed
developing sensor; a low-speed developing sensor which
detects a low-speed phenomenon caused by a failure such as
a ground-fault or a short-circuit within the gas sections; a
second failure determining circuit which determines the
presence of a failure from an output of the low-speed
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developing sensor; and an arithmetic control circuit which
identifies a gas section of the metal container in which a
failure occurs from an output of the first and second failure
determining circuits.

The failure determining apparatus of a gas-msulated elec-
trical appliance determining a failure of a second aspect of
the 1nvention, having a cylindrical metal container, a

charged conductor housed in the metal container filled with
an 1nsulating gas, and a plurality of insulating spacers
insulation-supporting the charged conductor from the metal
container and partitioning the interior of the metal container
Into gas sections, comprises a gas pressure detector which
detects a change 1n the gas pressure of the gas sections; a first
sampling circuit which fetches a change 1n the gas pressure
from the gas pressure detector on the basis of a failure
current detection signal; a failure determining circuit which
determines an accident occurring gas section when a change
in gas pressure fetched by the first sampling circuit 1s over
a first threshold value; a decomposed gas detector which
performs detection by 1onizing a decomposed gas of the gas
section; a second sampling circuit which fetches a decom-
posed gas concentration from the decomposed gas detector;
a second failure determining circuit which determines an
accident occurring gas section when a decomposed gas
concentration fetched by the second sampling circuit 1s over
a second threshold value; and an arithmetic control circuit
which determines occurrence of a failure 1n the gas section
of the metal container when a decomposed gas exceeding
the second threshold value occurs within a gas section 1n
which an increase 1n pressure of over the first threshold
value occurs, on the basis of output of determination of the
first and second failure determining circuits.

The failure determining apparatus of a gas-insulated elec-
trical appliance determining a failure of a third aspect of the
invention, having a cylindrical metal container, a charged
conductor housed 1n the metal container filled with an
insulating gas, and a plurality of 1nsulating spacers
insulation-supporting the charged conductor from the metal
container and partitioning the interior of the metal container
Into gas sections, comprises an impact gas pressure detector
which detects an 1mpact gas pressure of the gas section; a
relay circuit which incorporates an operation signal of the
impact gas pressure detector; a decomposed gas detector
which performs detection by 10on1zing a decomposed gas in
the gas section; a sampling circuit which fetches a decom-
posed gas concentration from the decomposed gas detector;
a failure determining circuit which determines an accident
occurring gas section when a decomposed gas concentration
fetched by the sampling circuit 1s over a prescribed threshold
value; and an arithmetic control circuit which determines
occurrence of a failure 1n a gas section of the metal container
when there occurs a decomposed gas exceeding the pre-
scribed threshold value within the gas section for which the
impact gas pressure detector has operated on the basis of an
output of the relay circuit and the failure determining circuit.

The failure determining apparatus of a gas-insulated elec-
trical appliance determining a failure of the fourth aspect of
the 1nvention, having a cylindrical metal container, a
charged conductor housed in the metal container filled with
an 1nsulating gas, and a plurality of insulating spacers
insulation-supporting the charged conductor from the metal
container and partitioning the interior of the metal container
into gas sections, comprises a photo-sensor which detects an
arc light leaking upon occurrence of a failure in the gas
section; a relay circuit which incorporates an operation
signal of the photo-sensor; a decomposed gas detector which
performs detection by 1onizing a decomposed gas of the gas
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4

section; a sampling circuit which fetches a decomposed gas
concentration from the decomposed gas detector; a failure
determining circuit which determines an accident occurring
gas section when a decomposed gas concentration fetched
by the sampling circuit 1s over a prescribed threshold value;
and an arithmetic control circuit which determines occur-
rence of a failure 1n a gas section of the metal container when
there occurs a decomposed gas of over the prescribed
threshold value within a gas section 1n which the photo-
sensor has operated, on the basis of an output of the relay
circuit and the failure determining circuit.

The failure determining apparatus of a gas-insulated elec-
trical appliance of the second aspect of the mmvention may
further comprises a photo-sensor which detects an arc light
leaking upon occurrence of a failure in the gas section; and
a relay circuit which incorporates an operation signal of the
photo-sensor; wherein the arithmetic control circuit deter-
mines occurrence of a failure 1n a gas section of the metal
container when a decomposed gas of over the second
threshold value occurs 1n a gas section 1n which a pressure
imncrease of over the first threshold value has occurred, and
the gas section agrees with the gas section for which the
photo-sensor has operated.

In this failure determining apparatus of a gas-insulated
clectrical appliance, the arithmetic control circuit preferably
controls the sampling circuit so as to obtain an output of the
decomposed gas detector only for a gas section on the basis
of the gas section mmformation sensed by the photo-sensor.

In the failure determining apparatus of a gas-insulated
clectrical appliance of the second aspect of the invention, the
arithmetic control circuit preferably controls the second
sampling circuit so as to obtain an output of the decomposed
oas detector only for a gas section on the basis of gas section
information as determined by the gas pressure detector.

In the failure determining apparatus of a gas-insulated
clectrical appliance of the third aspect of the invention, the
arithmetic control circuit preferably controls the second
sampling circuit so as to obtain an output of the decomposed
cgas detector only for a gas section on the basis of gas section
information as determined by the gas pressure detector.

In the failure determining apparatus of a gas-insulated
clectrical appliance of the fourth aspect of the invention, the
arithmetic control circuit preferably controls the sampling
circuit so as to obtain an output of the decomposed gas
detector only for a gas section on the basis of the gas section
information sensed by the photo-sensor.

The failure determining apparatus of a gas-insulated elec-
trical appliance determining a failure of the fifth aspect of
the invention, having a metal container, a charged conductor
housed 1n the metal container filled with an i1nsulating gas,
and a plurality of msulating spacers insulation-supporting
the charged conductor from the metal container and parti-
tioning the interior of the metal container 1nto gas sections,
comprises a gas pressure detector which detects the gas
pressure of the gas section; a first failure determining circuit
which determines an accident occurring gas section when an
output of the gas pressure detector 1s over a first threshold
value; a decomposed gas detector which detects a decom-
posed gas of the gas section; a second failure determining
circuit which determines an accident occurring gas section
when an output of the decomposed gas detector 1s over a
second threshold value; and an arithmetic control circuit
which determines occurrence of a failure 1n the gas section
of the metal container when a decomposed gas exceeding
the second threshold value occurs within a gas section in
which an increase 1n pressure of over the first threshold
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value occurs, on the basis of output of determination of the
first and second failure determining circuits; wherein the
detectors are arranged 1n a single gas piping system derived
from the gas section.

In the failure determining apparatus of a gas-insulated
clectrical appliance of the fifth aspect of the invention, the
detectors are preferably arranged in a single gas piping

system derived from the gas section.

The failure determining apparatus of a gas-insulated elec-
trical appliance of a fifth aspect of the invention may further
comprises a detector mounting block made of an 1nsulator
having therein a gas piping branching from a gas piping; a
cgas pressure detector and a decomposed gas detector
attached to the branch gas piping of the mounting block,
respectively; and a case secured to the block, covering these
detectors.

The failure determining apparatus of a gas-insulated elec-
trical appliance of a fifth aspect of the invention may further
comprises a block having thereimn a gas piping branching
from a gas piping; a gas pressure detector and a decomposed
gas detector attached to the branch gas piping of the block;
and a case secured to the block, covering these detectors.

The failure determining apparatus of a gas-insulated elec-
trical appliance of as fifth aspect of the invention may further
comprises a temperature detector detecting the temperature
of the imsulating gas of a gas section mounted in the
decomposed gas detector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the configuration of the failure determining,
apparatus of a gas-msulated electrical appliance of an
embodiment 1 of the present invention;

FIG. 2 shows the operations of the failure determining
apparatus of a gas-insulated electrical appliance of the
embodiment 1 of the invention;

FIG. 3 shows the configuration of the failure determining

apparatus of a gas-mnsulated electrical appliance of an
embodiment 2 of the invention;

FIG. 4 shows the configuration of the failure determining,
apparatus of a gas-mnsulated electrical appliance of an
embodiment 3 of the invention;

FIG. 5 shows the configuration of the failure determining,
apparatus of a gas-mnsulated electrical appliance of an
embodiment 4 of the invention;

FIG. 6 shows the configuration of the failure determining,
apparatus of a gas-msulated electrical appliance of an
embodiment 5 of the 1nvention;

FIG. 7 shows the configuration of the failure determining,
apparatus of a gas-msulated electrical appliance of an
embodiment 6 of the invention;

FIG. 8 shows the configuration of the failure determining,
apparatus of a gas-mnsulated electrical appliance of an
embodiment 7 of the invention;

FIG. 9 shows the configuration of the failure determining,
apparatus of a gas-msulated electrical appliance of an
embodiment 8 of the invention;

FIG. 10 shows the configuration of the failure determin-
ing apparatus of a gas-insulated electrical appliance of an
embodiment 9 of the invention;

FIG. 11 1s a configuration diagram showing the arrange-
ment of attachment of the detectors in the failure determin-

ing apparatus of the gas-insulated electrical appliance of an
embodiment 10 of the invention;

FIG. 12 1s a configuration diagram showing the arrange-
ment of attachment of the detectors 1n the failure determin-
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ing apparatus of the gas-insulated electrical appliance of an
embodiment 11 of the invention;

FIG. 13 1s a configuration diagram showing the arrange-
ment of attachment of the detectors in the failure determin-
ing apparatus of the gas-insulated electrical appliance of an
embodiment 12 of the invention;

FIG. 14 1s a configuration diagram showing the arrange-
ment of attachment of the detectors in the failure determin-
ing apparatus of the gas-insulated electrical appliance of an
embodiment 13 of the invention;

FIG. 15 1s a configuration diagram showing the arrange-
ment of attachment of the detectors in the failure determin-
ing apparatus of the gas-insulated electrical appliance of an
embodiment 14 of the invention;

FIG. 16 1s a configuration diagram showing the arrange-
ment of attachment of the detectors 1n the failure determin-
ing apparatus of the gas-insulated electrical appliance of an
embodiment 15 of the invention;

FIG. 17 shows the configuration of the conventional
failure determining apparatus of a gas-insulated electrical
appliance; and

FIG. 18 shows the operations of the conventional failure
determining apparatus of a gas-insulated electrical appli-
ance.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
Embodiment 1

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 1 of the present invention
will be described with reference to the drawing. FIG. 1
shows the configuration of the failure determining apparatus
of a gas-msulated electrical appliance of the embodiment 1
of the invention. In the drawing, the same reference numer-
als represent the same or corresponding component parts.

In FIG. 1, 1 represents a metal container of the gas-
insulated electrical appliance; 2, a charged conductor; 3a to
3c, 1nsulating spacers supporting the charged conductor 2;
14, a high-speed developing sensor for detecting a high-
speed phenomenon caused by a ground-fault such as a gas
pressure; 15, a low-speed developing sensor for detecting a
low-speed phenomenon caused by a ground-fault such as a
decomposed gas; 13, a failure determining circuit; 24, a
failure determining circuit; and 25, an arithmetic control
circuit for determining the presence/absence of a ground-
fault by using the result of determination available from two
kinds of sensors.

The operations of the failure determining apparatus of a
cgas-1nsulated electrical appliance of the embodiment 1 of the
invention will now be described with reference to the
drawings. FIG. 2 conceptually shows changes with time of
an output signal after occurrence of a ground-fault of a
high-speed developing sensor and a low-speed developing
sensor of the failure determining apparatus of a gas-
insulated electrical appliance of the embodiment 1 of the
invention.

When a ground-fault the charged conductor 2 occurs with
the metal container 1 1 any of gas sections formed by
partitioning the metal container 1 with insulating spacers 3a
and 3b, various phenomena are produced at different
response speeds. In this case, the high-speed developing
sensor 14 detects a high-speed phenomenon such as a gas
pressure, and the failure determining circuit 13 determines a
failure.

The low-speed developing sensor 15 detects a low-speed
phenomenon such as a decomposed gas, and the failure
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determining circuit 24 determines a failure. finally, the
arithmetic control circuit 25 determines presence/absence of
a ground-fault on the basis of the results of determination
from the above.

More specifically, as shown in FIG. 2(a), when a gas
pressure detected by the high-speed developing sensor 14 1s
determined to be a failure caused by an increase 1n the gas
pressure after the lapse of several hundred ms by the failure
determining circuit 13, and further after the lapse of a certain
period of time (for example, several seconds), the decom-
posed gas detected by the low-speed developing sensor 15 1s
determined by the failure determining circuit 24 to be a
failure when a prescribed concentration 1s exceeded, the
arithmetic control circuit 25 determines that a ground-fault
has occurred.

There 1s therefore available an advantage of improving,
reliability by accomplishing determination by means of
these two kinds of sensors.

A cases where two sensors, one for high-speed develop-
ment and the other for low-speed development has been
described above. It 1s however possible to obtain the same
cifect by using three or more sensors.

Embodiment 2

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 2 of the invention will
now be described with reference to the drawing. FIG. 3
shows the configuration of the failure determining apparatus
of a gas-insulated electrical appliance of the embodiment 2
of the ivention.

In FIG. 3, 1 represents a metal container of a gas-insulated
clectrical appliance; 2, a charged conductor; 3a to 3¢ are
insulating spacers supporting the charged conductor 2; 4, a
gas piping connecting gas sections for communication; 11,
a gas pressure detector; 12, a sampling circuit for sampling
an output signal of the gas pressure detector 11; 21a to 21c
are decomposed gas detectors provided for the individual
gas sections; 22, a decomposed gas detector starting circuit;
23, a sampling circuit for sampling output signals of the
decomposed gas detectors 21a to 21c; 24, a failure deter-
mining circuit for determining presence/absence of an
abnormality from a decomposed gas concentration; and 25,
an arithmetic control circuit for determining presence/
absence of a ground-fault on the basis of information from
the gas pressure detector 11 and the decomposed gas detec-
tors 21a to 2lc.

The operations of the failure determining apparatus of a
cgas-1nsulated electrical appliance of the embodiment 2 will
now be described with reference to the drawings.

When a ground-fault of the charged conductor 2 with the
metal container 1 occurs in any of the gas sections formed
by partitioning the metal container 1 by the insulating
spacers 3a and 3b, a ground-fault current detection signal
operates without delay in time. Then, 1n the interior of a
tank, the pressure of the insulating gas suddenly increases
near the arc, thus forming a pressure wave, and flows 1nto
the static pressure side. The insulating gas 1s chemically
decomposed under the effect of a high temperature produced
by arc energy, thus producing a decomposed gas mainly
comprising F 1ons.

The arithmetic control circuit 25 recognizes occurrence of
a failure from a ground-fault current detection signal, and
Issues an acquisifion instruction of sampling data for n
seconds to the failure determining circuit 13. It starts the
decomposed gas detector starting circuit 22, and causes the
decomposed gas detectors 21a to 21c¢ to start power supply.

The signal detected by the gas pressure detector 11 causes
averaging processing through the sampling circuit 12 and
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then sent to the failure determining circuit 13 to determine
presence/absence of a pressure difference of over the thresh-
old value for each of the gas sections controlled by the gas
pressure detector 11. When a gas section exceeding a
threshold value, it 1s output as an accident occurring gas
section to the arithmetic control circuit 25.

A signal detected through the decomposed gas detectors
21a to 21c 1s averaged 1n the sampling circuit 23, then sent
to the failure determining circuit 24, in which the decom-
posed gas concentration 1s compared with the threshold
value for each gas section. When a gas section exceeding the
threshold value, it 1s output as an accident occurring gas
section to the arithmetic control circuit 25.

In the arithmetic control circuit 25, 1t 1s determined
whether or not the gas section identified by the decomposed
gas detectors 21a to 21c¢ 1s among the gas sections 1dentified
by the gas pressure detector 11. If they agree, occurrence of
a ground-fault 1s determined, thus permitting improvement
of the accuracy of failure determination of the gas-insulated
clectrical appliance, and reduction of the confirmation
period of the site 1n trouble.

More specifically, this embodiment 2 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed in a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being insulation-supported by the 1nsu-
lating spacers from the metal container, and gas blocks filled
with an msulating gas 1n the metal container are connected
as gas sections; the gas pressure detector 11 for detecting a
change 1n gas pressure 1s attached to each gas section; the
decomposed gas detectors 21a to 21c¢ for detecting the
decomposed gas through 1onization are attached to the gas
sections, respectively, to 1ncorporate a ground-fault current
detection signal; the failure determining apparatus compris-
ing the sampling circuit 12 for fetching a change 1n the gas
pressure from the gas pressure detector 11; the failure
determining circuit 13 for determining the pressure of the
change 1n comparison with the threshold value; the decom-
posed gas detector starting circuit 22 for starting power
supply to the decomposed gas detector; the sampling circuit
23 for detecting the gas concentration from the decomposed
ogas detector; the failure determining circuit 24 for determin-
ing presence/absence of the decomposed gas; and the arith-
metic control circuit 25 determining occurrence of a ground-
fault or a short-circuit when a decomposed gas exceeding
the threshold value 1s produced 1n a gas section among the

cgas blocks 1n which an increase in pressure of over the
threshold value occurs.
Embodiment 3

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 3 of the invention will
now be described with reference to the drawing. FIG. 4
shows the configuration of the failure determining apparatus
of a gas-insulated electrical appliance of the embodiment 3
of the mvention.

In FIG. 4, 1 represents a metal container of the gas-
insulated electrical appliance; 2, a charged conductor; 3a to
3¢, 1insulating spacers supporting the charged conductor 2; a
gas piping ensuring communication among the gas sections;
26, an 1mpact gas pressure detector; 27, a relay circuit for
incorporating an output signal of the impact gas pressure
detector 26; 21a to 21c, decomposed gas detectors installed
for each gas section; 22, a decomposed-gas detector starting
circuit; 23, a sampling circuit sampling an output signals of
the decomposed gas detectors 21a to 21c; 24, a failure
determining circuit for determining presence/absence of
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an-abnormality from the decomposed gas concentration; and
25, an arithmetic control circuit for determining presence/
absence of a ground-fault on the basis of information from

the 1mpact gas pressure detector 26 and the decomposed gas
detectors 21a to 2lc.

The operations of the failure determining apparatus of a
cgas-insulated electrical appliance of the embodiment 3 will
now be described with reference to the drawings.

When a ground-fault of the charged conductor 2 occurs
with the metal container 1 1n any of the gas sections formed
by partitioning the metal container 1 by the insulating
spacers 3a and 3b, there occurs a sudden 1ncrease 1n pressure
under the effect of arc energy near the arc in the tank, and
furthermore, the insulating gas 1s chemically decomposed by
a high temperature caused by arc energy, thus producing a
decomposed gas mainly comprising F 1ons.

The arithmetic control circuit 25 recognizes occurrence of
a failure from the operating signal of the impact gas pressure
detector 26 detecting a sudden increase in the pressure. This
1s followed by starting of the decomposed gas detector
starting circuit 22 to supply power to the decomposed gas
detectors 21a to 2lc.

Operating information of the 1impact gas pressure detector
26 causes operation of the relay corresponding to the gas
section of the relay circuit 27, and the gas section 1s output
as an accident occurring gas section to the arithmetic control
circuit 235.

Signals detected by the decomposed gas detectors 21a to
21c are averaged by the sampling circuit 23. The result 1s
sent to the failure determining circuit 24, in which the
decomposed gas concentration 1s compared with the thresh-
old value for each gas section. When a gas section exceeding
the threshold value, 1t 1s output as an accident occurring gas
section to the arithmetic control circuit 235.

The arithmetic control circuit 25 determines whether or
not the gas sections identified by the decomposed gas
detectors 21a to 21c are among the gas sections identified by
the gas pressure detector 26. If they agree, occurrence of a
oground-fault 1s determined, thus making it possible to pro-
vide an apparatus conducting failure determination at a
higher accuracy.

More specifically, this embodiment 3 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s house 1 a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being msulation-supported by the 1nsu-
lating spacers from the metal container, and gas blocks filled
with an insulating gas in the metal container are connected
as gas sections; the impact gas pressure detector 26 operat-
ing on an amount of change if 1mpact gas pressure 1s
attached to each gas section; the decomposed gas detectors
21a to 21c for detecting the decomposed gas through
lonization are attached to the gas sections; the failure
determining apparatus comprising a relay circuit 27 for
Incorporating an operating signal of the 1impact gas pressure
detector; a decomposed gas detector starting circuit 22 for
starting the power supply for the decomposed gas detector;
a sampling circuit 23 for detecting the gas concentration
from the decomposed gas detectors; a failure determining
circuit 24 for determining presence/absence of a decom-
posed gas; and the arithmetic control circuit 25 for deter-
mining occurrence of a ground-fault or a short-circuit when
a decomposed gas exceeding the threshold value 1s produced
in any gas sections for which the impact gas pressure
detector operates.
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Embodiment 4

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 4 of the invention will
now be described with reference to the drawing. FIG. §
shows the configuration of the failure determining apparatus
of a gas-msulated electrical appliance of the embodiment 4
of the mvention.

In FIG. §, 1 represents a metal container of a gas-insulated
clectrical appliance; 2, a charged conductor; 3a to 3¢ are
insulating spacers supporting the charged conductor 2; 4, a
gas piping connecting the gas sections for communication;
31a to 31b are photo-sensors; 32, a relay circuit for mncor-
porating operating signals of the photo-sensors 31a to 31b;
21a to 21c¢, decomposed gas detectors installed for the
individual gas sections, respectively; 22, a decomposed gas
detector starting circuit; 23, a sampling circuit for sampling
output signals of the decomposed gas detectors 21a to 21c;
24, a failure determining circuit for determining presence/
absence of an abnormality from the decomposed gas con-
centration; and 25, an arithmetic control circuit for making
determination on the basis of information from the photo-
sensors 31a and 31b and the decomposed gas detectors 21a
to 21c.

The operations of the failure determining apparatus of a
cgas-insulated electrical appliance of this embodiment 4 will
be described with reference to the drawings.

When there occurs a ground-fault of the charged conduc-
tor 2 with the metal container 1 1n any of the gas sections
formed by partitioning the metal container 1 with the
insulating spacers 3a and 3b, an arc light 1s produced 1n the
tank, and leaks to outside through the insulating spacers 3a
and 3b. Furthermore, the insulating gas 1s chemically
decomposed by the high temperature resulting from arc
energy, thus generating a decomposed gas mainly compris-
ing F 1ons.

The arithmetic control circuit 25 incorporates operating,
signals of the photo-sensors 31a and 31b detecting the arc
light and recognizes occurrence of a failure. This 1s followed
by starting of the decomposed gas detector starting circuit 22
to supply power to the decomposed gas detectors 21a to 21c.

Operating information of the photo-sensors 31a and 315
causes operation of the relay 1n response to the gas sections
in the relay circuit 32, and output the result as accident
occurring gas sections to the arithmetic control circuit 25.

Signals detected by the decomposed gas detectors 21a to
21c are averaged by the sampling circuit 23, and sent to the
failure determining circuit 24, in which the decomposed gas
concentration 1s compared with the threshold value for each
ogas section. When a gas section exceeding the threshold
value 1s detected, 1t 1s output as an accident occurring gas
section to the arithmetic control circuit 25.

The arithmetic control circuit 25 determines whether or
not the gas sections identified by the decomposed gas
detectors 21a to 21c¢ are among the gas sections 1dentified by
the photo-sensors 31a and 315. When they agree, occurrence
of a ground-fault 1s determined, thus bringing about an effect
of improving the accuracy of failure determination.

More specifically, this embodiment 4 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed in a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being insulation-supported by the 1nsu-
lating spacers from the metal container, and pas partitions
filled with an insulating gas in the metal container are
connected as gas sections; the photo-sensors 31a and 315 for
detecting the arc light leaking from the insulating spacers
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upon occurrence of a ground-fault or a short-circuit are
attached to the insulating spacers partitioning the both ends
of the metal container; the decomposed gas detectors 21a to
21c tfor detecting the gas through 1onization are attached to
the individual gas sections, respectively; the failure deter-
mining apparatus comprising a relay circuit 32 for mncorpo-
rating operating signals of the photo-sensors; the decom-
posed gas detector starting circuit 22 for starting power
supply to the decomposed gas detector; the sampling circuit
23 for detecting the gas concentration from the decomposed
oas detector; the failure determining circuit 24 for determin-
ing presence/absence of the decomposed gas; and the arith-
metic control circuit 25 determines occurrence of a ground-
fault or a short-circuit when a decomposed gas exceeding
the threshold value 1s produced 1n any of the gas sections.
Embodiment 5

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 5 of the invention will
now be described with reference to the drawing. FIG. 6
shows the configuration of the failure determining apparatus
of a gas-msulated electrical appliance of the embodiment 5
of the mvention.

In FIG. 6, 1 represents a metal container of a gas-insulated
electrical appliance; 2, charged conductor; 3a to 3c¢, 1nsu-
lating spacers supporting the charged conductor 2; 4, a gas
piping connecting the gas sections for communication; 11, a
gas pressure detector; 12, a sampling circuit for sampling an
output signal of the gas pressure detector 11; 13, a failure
determining circuit; 31a and 31b, photo-sensors; 32, a relay
circuit for incorporating operating signals of the photo-
sensors 31a and 31b; 21a to 21c¢, decomposed gas detectors
installed for the mndividual gas sections; 22, decomposed gas
detector starting circuit; 23, a sampling circuit for sampling
output signals of the decomposed gas detectors 21a to 21c;
24, a failure determining circuit for determining presence/
absence of an abnormality from the decomposed gas con-
centration; and 25, an arithmetic control circuit for making
determination on the basis of information of the gas pressure
detector 11, the photo-sensors 31a and 31b, and the decom-
posed gas detectors 21a to 2lc.

The operations of the failure determining apparatus of a
gas-insulted electrical appliance of this embodiment 5 will
now be describe with reference to the drawings.

When a ground-fault of the charged conductor 2 occurs
with the metal container 1 1n any of the gas sections formed
by partitioning the metal container 1 with 1nsulating spacers
da and 3b, are light 1s produced in the tank and leaks to
outside through the msulating spacers 3a to 3c. Furthermore,
pressure of the insulating gas suddenly increases near the arc
flows onto the static pressure side 1n the form of a pressure
wave. The insulating gas 1s chemically decomposed by a
high temperature resulting from arc energy, thus producing
a decomposed gas mainly comprising F 1ons.

The arithmetic control circuit 25 recognizes occurrence of
a failure from the operating signal information of the photo-
sensors 31la and 31b detecting the arc light. That 1s, the
operating 1nformation of the photo-sensors 31a and 31b
operates the relay corresponding to the gas section 1n the
relay circuit 32, and outputs the same as an accident occur-
ring gas section to the arithmetic control circuit 25. Then, the
arithmetic control circuit 25 instructs the failure determining
circuit 13 of the gas pressure detector 11 to compare the
pressure before occurrence of the failure and the pressure
after the lapse of n seconds from the occurrence of the
failure, and starts the decomposed gas detector starting
circuit 22 to supply power to the decomposed gas detectors

21a to 21c.
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The signals detected by the gas pressure detector 11 are
averaged by the sampling circuit 12 and then sent to the
failure determining circuit 13 to determine presence/absence
of a pressure difference exceeding the threshold value for
cach gas section. When a gas section of over the threshold
value 1s detected, the gas section 1s output as an accident
occurring gas section to the arithmetic control circuit 235.

The signals detected by the decomposed gas detectors 21a
to 21c are averaged by the sampling circuit 23, then sent to
the failure determining circuit 24, in which the decomposed
gas concentration 1s compared with the threshold value for
cach gas section. When a gas section exceeding the thresh-
old value 1s detected, it 1s output as an accident occurring gas
section to the arithmetic control circuit 25.

When the gas section 1dentified by the photo-sensors 31a
and 315 1s the same as the gas section 1dentified by the gas
pressure detector 11, and a decomposed gas of a concentra-
tion of over the threshold value 1s determined to be produced
In a gas partition within a gas section 1dentified by the two
kinds of sensors by the decomposed gas detectors 21a to 21c¢
as well, occurrence of a ground-fault 1s determined, thus
bringing about an effect of improving the accuracy of failure
determination of an electrical appliance.

More specifically, this embodiment 5 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed 1 a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being insulation-supported by the 1nsu-
lating spacers from the metal container, and gas partitions
filled with an insulating gas in the metal container are
connected as gas sections; photo-sensors 31a and 31b for
detecting the arc light leaking from the insulating spacers
upon occurrence of a ground-fault or a short-circuit are
attached to the individual insulating spacers partitioning the
both ends of the metal container; the gas pressure detector 11
for detecting a change 1n gas pressure 1s attached to each gas
section; the decomposed gas detectors 21a to 21c¢ for detect-
ing 10onized gas are attached to each gas section; the failure
determining apparatus the relay circuit 32 for incorporating
the operating signals of the photo-sensors; the sampling
circuit 12 for fetching a change 1n the gas pressure from the
ogas pressure detector 11; the failure determining circuit 13
for determining the change 1n pressure 1n comparison with
the threshold value; the decomposed gas detector starting
circuit 22 for starting power supply to the decomposed gas
detector; the sampling circuit 23 for detecting the gas
concentration from the decomposed gas detector; the failure
determining circuit 24 for determining presence/absence
occurrence of the decomposed gas in comparison with the
threshold value; and the arithmetic control circuit 25 deter-
mines occurrence of a ground-fault or a short-circuit when
the gas section for which the photo-sensors operate agrees
with the gas section 1n which a pressure increase of over the
threshold value occurs, and when a decomposed gas exceed-
ing the threshold value 1s produced 1n the gas partition in the
same gas section.

Embodiment 6

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 6 of the invention will
now be described with reference to the drawing. FIG. 7
shows the configuration of the failure of the failure deter-
mining apparatus of a gas-insulated electrical appliance of
the embodiment 6 of the mvention.

In FIG. 7, 1 represents a metal container; 2, a charged
conductor; 3a to 3¢, insulating spacers supporting the
charged conductor 2; 4, a gas piping connecting gas sections
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for communication; 11, a gas pressure detector; 12, a sam-
pling circuit sampling an output signal of the gas pressure
detector 11; 13, a failure determining circuit; 21a to 2lc,
decomposed gas detectors mstalled for each gas section; 22,
a decomposed gas detector starting circuit; 23, a sampling
circuit sampling output signals of the decomposed gas
detectors 21a to 21c; 24, a failure determining circuit
determining presence/absence from the decomposed gas
concentration; and 25, an arithmetic control circuit deter-
mining presence/absence of a ground-fault on the basis of
information of the gas pressure detector 11 and the decom-
posed gas detectors 21a to 2lc.

The operations of the failure determining apparatus of a
cgas-insulated electrical appliance of the embodiment 6 will
now be described with reference to the drawings.

When there occurs a ground-fault of the charged conduc-
tor 2 with the metal container 1 in any of the gas section
formed by partitioning the metal container 1 with msulating
spacers da and 3b, the failure current detection signal
operates with no delay in time. In the tank, the insulating gas
pressure suddenly increases near the arc, thus producing a
pressure wave. A gas dynamic pressure signal corresponding,
to the dynamic pressure of the msulating gas caused by the
pressure wave 1s produced in addition to the gas static
pressure signal corresponding to the static pressure of the
insulating gas filling the gas section. At the same time, the
insulating gas 1s chemically decomposed by the high tem-
perature produced by arc energy of the ground-fault, leading
to production of a decomposed gas mainly comprising F
101S.

With the failure current detection signal as the starting
point, the decomposed gas detector starting circuit 22 which
1s a power supply circuit for starting the sampling circuit 12
of the gas pressure detector 11, and the decomposed gas
detector 21a to 21c 1s started.

The detection signals of the gas pressure detector 11 are
averaged by the sampling circuit 12, and then sent to the
failure determining circuit 13, where presence/absence of a
pressure difference of over the threshold value 1s determined
for each gas section. When a gas section exceeding the
threshold value 1s detected, it 1s output as an accident
occurring gas section to the arithmetic control circuit 285.

The arithmetic control circuit 25 instructs the sampling,
circuit 23 to conduct sampling of decomposed gas data only
for the gas section 1dentified by the gas pressure-detector 11.

The sampling circuit 23 collects only an output of the
decomposed gas detector 21 of the speciiied gas section,
compares the decomposed gas concentration with the thresh-
old value 1n the failure determining circuit 24, and reports
the result to the arithmetic control circuit 235.

When it 1s determined that the decomposed gas concen-
tration 1s abnormal 1n the gas section identified by the gas
pressure detector 11 and in the specified information 1ncor-
porated by the decomposed gas detector 21, occurrence of a
oround-fault 1s determined. Different phenomena caused by
a ground-fault accident are thus idividually confirmed by
the detectors, providing advantages of 1improving accuracy
of failure determination of an electrical appliance, and
reduction of the time required for determination of occur-
rence of a failure.

More specifically, this embodiment 6 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed 1n a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being msulation-supported by the 1nsu-
lating spacers from the metal container, and gas blocks filled

10

15

20

25

30

35

40

45

50

55

60

65

14

with an msulating gas 1n the metal container are connected
as gas sections; the gas pressure detector 11 for detecting a
change 1n gas pressure 1s attached to each gas section; the
decomposed gas detectors 21a to 21c for detecting the
decomposed gas through 1onization are attached to the gas
sections, respectively, to 1ncorporate a ground-fault current
detection signal; the failure determining apparatus compris-
ing the sampling circuit 12 for fetching a change 1n the gas
pressure from the gas pressure detector 11; the failure
determining circuit 13 for determining the pressure of the
change 1n comparison with the threshold value; the decom-
posed gas detector starting circuit 22 for starting power
supply to the decomposed gas detector; the sampling circuit
23 for detecting the gas concentration from the decomposed
ogas detector; the failure determining circuit 24 for determin-
ing presence/absence of the decomposed gas; and the arith-
metic control circuit 25 determining occurrence of a ground-
fault or a short-circuit when a decomposed gas exceeding
the threshold value 1s produced 1n a gas section among the
cgas blocks 1n which an increase in pressure of over the
threshold value occurs; wherein the failure determining
apparatus has a function of controlling the sampling circuit
so as to obtain output of the decomposed gas detector only
for the gas blocks within a gas section on the basis of the gas
section information identified by the gas pressure detector
11.

Embodiment 7

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 7 of the invention will
now be described with reference to the drawing. FIG. 8
shows the configuration of the failure determining apparatus
of a gas-msulated electrical appliance of the embodiment 7
of the nvention.

In FIG. 8, 1 represents a metal container of a gas-insulated
clectrical appliance; 2, a charged conductor; 3a to 3c,
insulating spacers supporting the charged conductor 2; 4, a
gas piping connecting gas sections for communication; 26,
an 1mpact gas pressure detector; 27, a relay circuit for
incorporating an output signal of the impact gas pressure
detector 26; 21a to 21c, decomposed gas detectors installed
for the individual gas sections; 22, a decomposed gas
detector starting circuit; 23, a sampling circuit for sampling
output signals of the decomposed gas detectors 21a to 21c;
24, a failure determining circuit for determining presence/
absence of an abnormality from the decomposed gas con-
centration; and 25, an arithmetic control circuit for deter-
mining presence/absence of a ground-fault on the basis of
information of the impact gas pressure detector 26 and the
decomposed gas detectors 21a to 21c.

The operations of the failure determining apparatus of a
cgas-1nsulated electrical appliance of the embodiment 7 of the
invention will now be described with reference to the
drawing.

When a ground-fault of the charged conductor 2 occurs
with the metal container 1 1 any of the gas sections formed
by partitioning the metal container 1 with msulating spacers
3a and 3b, the msulating gas pressure suddenly increases
near the arc, producing a pressure wave. This pressure wave
1s detected by the impact gas pressure detector 26, and the
relay circuit 27 1s driven by the operating signal. At the same
time, the decomposed gas detector starting circuit 22 1is
started to supply power to the decomposed gas detectors 21a
to 21c¢ for all the gas blocks.

The arithmetic control circuit 25 searches for an accident
occurring gas section on the basis of the operating informa-
tion of the 1impact gas pressure detector 26 incorporated by
the relay circuit 27.
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The arithmetic control circuit 25 instructs the sampling
circuit 23 to sample decomposed gas data only for the gas
section 1denfified by the impact gas pressure detector 26.
The sampling circuit 23 collects output of only the decom-
posed gas detectors 21 of the specified gas section. The
decomposed gas concentration 1s compared with the thresh-
old value by the failure determining circuit 24, and the result
of comparison 1s reported to the arithmetic control circuit 25.

When a decomposed gas 1s detected by any one of the
specified decomposed gas detectors 21, the arithmetic con-
trol circuit 25 determines occurrence of a ground-fault.
Different phenomena caused by an internal failure of GIS are
thus confirmed by the idividual detectors, bringing about
advantages of improving the accuracy of failure determina-
tion of the electrical appliance and reducing the time
required for determining presence/absence of a failure.

More specifically, this embodiment 7 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed 1n a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being msulation-supported by the 1nsu-
lating spacers from the metal container, and gas blocks filled
with an insulating gas in the metal container are connected
as gas sections; an impact pressure detector 26 operating by
the amount of change in the impact gas pressure 1s attached
to each gas section; and decomposed gas detectors 21a to
21c for detecting 1on1zed gas are attached to the individual
gas blocks; the failure determining apparatus comprising a
relay circuit 27 for incorporating the operating signal of the
impact gas pressure detector; the decomposed gas detector
starting circuit 22 for starting power supply to the decom-
posed gas detector; the sampling circuit 23 for detecting the
gas concentration from the decomposed gas detector; the
failure determining circuit 24 for determining presence/
absence of the decomposed gas; and the arithmetic control
circuit 25 determining occurrence of a ground-fault or a
short-circuit when a decomposed gas of over the threshold
value 1s produced 1n a gas block 1n the gas section for which
the 1impact gas pressure detector has operated; wherein the
failure determining apparatus has a function of controlling
the sampling circuit so as to obtain an output of the decom-
posed gas detector for only the gas block 1n the gas section
on the basis of the gas section information identified by the
impact gas pressure detector 26.

Embodiment &

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 8 of the invention will
now be described with reference to the drawing. FIG. 9
shows the configuration of the failure determining apparatus
of a gas-mnsulated electrical appliance of the embodiment 8
of the mvention.

In FIG. 9, 1 represents a metal container of a gas-insulated
clectrical appliance; 2, a charged conductor; 3a to 3c,
insulating spacers supporting the charged conductor 2; 4, a
gas piping connecting gas sections for communication; 31a
and 31b, photo-sensors; 32, a relay circuit for incorporating
operating signals of the photo-sensors 31a and 31b; 22, a
decomposed gas detector starting circuit; 23, a sampling
circuit for sampling output signals of the decomposed gas
detectors 21a to 21c; 24, a faillure determining circuit for
determining presence/absence of an abnormality from the
decomposed gas concentration; and 25, an arithmetic control
circuit for making determination on the basis of information
of the photo-sensors 31a and 31b and the decomposed gas
detectors 21a to 2lc.

The operations of the failure determining apparatus of a
cgas-insulated electrical appliance of the embodiment 8 will

now be described with reference to the drawing.

10

15

20

25

30

35

40

45

50

55

60

65

16

When a ground-fault of the charged conductor occurs
with the metal container 1 1n any of the gas sections formed
by partitioning the metal container 1 with the insulating
spacers 3a and 3b, the insulating gas pressure suddenly
increases near the arc, producing a pressure wave, and at the
same fime, light emission of arc energy occurs and leaks
through the msulating spacers 3a to 3c. This leakage light 1s
incorporated by the photo-sensors 31a and 315, and the relay
circuit 32 1s driven by means of an operating signal.
Simultaneously, the decomposed gas detector starting circuit

22 1s started to supply power to the decomposed gas detec-
tors 21a to 21c¢ of all the gas blocks.
The arithmetic control circuit 25 derives an accident

occurring gas section from the operating information of the
relay driven by the relay circuit 32, and instructs the
sampling circuit 23 so as to sample decomposed gas data
only for the derived gas section.

The sampling circuit 23 collects output of the decom-
posed gas detector 21 of the specified gas section. The
decomposed gas concentration 1s compared with the thresh-
old value 1n the failure determining circuit 24, and the result
1s reported to the arithmetic control circuit 285.

When the decomposed gas 1s produced in any of the
specified decomposed gas detectors 21, the arithmetic con-
trol circuit 25 determines occurrence of a ground-fault.
Ditferent phenomena caused by the ground-fault accident as
described above are confirmed by the individual detectors,
bringing about advantages of improving the accuracy of
failure determination of the electrical appliance and reduc-
ing the time required for determining presence/absence of a
failure.

More specifically, this embodiment 8 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed 1n a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being insulation-supported by the 1nsu-
lating spacers from the metal container, and gas blocks filled
with an insulating gas in the metal container are connected
as gas sections; photo-sensors 31a and 31b detecting arc
light leaking from the insulating spacers upon occurrence of
a ground-fault or a short-circuit are attached to the indi-
vidual spacers partitioning the both ends of the metal
container; decomposed gas detectors 21a to 21c¢ detecting
lonized gas are attached to each gas block; the failure
determining apparatus comprising a relay circuit 32 incor-
porating operating signals of the photo-sensors; a decom-
posed gas detector starting circuit 22 for starting power
supply to the decomposed gas detectors; a sampling circuit
23 for detecting a gas concentration from the decomposed
oas detectors; a failure determining circuit 24 for determin-
ing presence/absence of a decomposed gas; and an arith-
metic control circuit 25 determining occurrence of a ground-
fault or a short-circuit when the decomposed gas of over the
threshold value 1s produced 1n the gas section for which the
photo-sensors has operated; wherein the failure determining
apparatus has a function of controlling the sampling circuit
23 so as to obtain outputs of the decomposed gas detector for
only the gas block within the gas section on the basis of the
ogas section mformation for the gas section for which the
photo-sensors have operated.

Embodiment 9

The failure determining apparatus of a gas-insulated elec-
trical appliance of an embodiment 9 of the invention will
now be described with reference to the drawing. FIG. 10
shows the configuration of the failure determining apparatus
of a gas-msulated electrical appliance of the embodiment 9
of the mvention.
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In FIG. 10, 1 1s a metal container of a gas-insulated
clectrical appliance; 2, a charged conductor; 3a to 3c,
insulating spacers supporting the charged conductor 2; 4, a
gas piping connecting the gas sections for communication;
11, a gas pressure detector; 12, a sampling circuit sampling
an output signal of the gas pressure detector 11; 13, a failure
determining circuit; 31a and 31b, photo-sensors; 32, a relay
circuit for incorporating operating signals of the photo-
sensors 31a and 31b; 21a to 21c, decomposed gas detectors
installed for the individual gas blocks; 22, a decomposed gas
detector starting circuit; 23, a sampling circuit sampling
output signals of the decomposed gas detectors 21a to 21c;
24, a failure determining circuit for determining presence/
absence from the decomposed gas concentration; and 25, an
arithmetic control circuit for making determination on the
basis of information of the gas pressure detector 11, the
photo-sensors 31a and 31b, and the decomposed gas detec-
tors 21a to 2lc.

The operations of the failure determining apparatus of a
cgas-insulated electric appliance of the embodiment 9 will
now be described with reference to the drawing.

When a ground-fault of the charged conductor 2 occurs
with the metal container 1 1n any of the gas sections formed
by partitioning the metal container 1 with the insulating
spacers 3a and 3b, an arc light 1s produced in the tank and
leaks to outside through the insulating spacers 3a to 3c.
Furthermore, the msulating gas pressure suddenly 1ncreases
near the arc, leading to production of a pressure wave, and
flows onto the static pressure side. The insulating gas 1is
chemically decomposed by a high temperature resulting
from arc energy, and a decomposed gas mainly comprising
F 10ns 1s produced. The leakage light 1s introduced into the
photo-sensors 31a and 31bH to drive the relay circuit in
response to an operating signal.

Simultaneously with this, the decomposed gas detector
starting circuit 22 1s started to supply power to the decom-
posed gas detectors 21a to 21c for all the gas blocks.
Furthermore, occurrence of an accident 1s notified to the
arithmetic control circuit 235.

The arithmetic control circuit 25 istructs the failure
determining circuit 13 of the gas pressure detector 11 to
compare the pressure before occurrence of the failure and
the pressure upon the lapse of n seconds after occurrence of
the failure. The signals detected by the gas pressure detector
11 are averaged by the sampling circuit 12, and then sent to
the failure determining circuit 13 to determine presence/
absence of a pressure difference of over the threshold value
for each gas section. When a gas section of over the
threshold value 1s detected, it 1s output as an accident
occurring gas section to the arithmetic control circuit 285.

The arithmetic control circuit 25 instructs the sampling,
circuit 23 to sample decomposed gas data only for the gas
section 1dentified by the gas pressure detector 11.

The sampling circuit 23 averages only the output of the
decomposed gas detectors 21 of the specified gas section,
and sends it to the failure determining circuit 24, where the
decomposed gas concentration 1s compared with the thresh-
old value. Whether or not the threshold value 1s exceeded 1s
output to the arithmetic control circuit 235.

When the gas section 1dentified by the photo-sensors 31a
and 31b agrees with that identified by the gas pressure
detector 11, and the decomposed gas detector 21 of the
specified gas block detects the decomposed gas having a
concentration of over the threshold wvalue, the arithmetic
control circuit 25 determines occurrence of a ground-fault.
By detecting different phenomena caused by ground-fault
accidents by the respective detectors, there are available

10

15

20

25

30

35

40

45

50

55

60

65

138

advantages of 1improving the accuracy of failure determina-
tion of an electrical appliance and reducing the time required
for determining presence/absence of a failure.

More specifically, this embodiment 9 covers a failure
determining apparatus of a gas-insulated electrical appliance
in which a charged conductor 2 1s housed 1n a cylindrical
metal container 1, with the both ends of the metal container
1 partitioned by means of insulating spacers 3a to 3c, the
charged conductor 2 being insulation-supported by the 1nsu-
lating spacers from the metal container, and gas blocks filled
with an insulating gas in the metal container are connected
as the gas sections; photo-sensors 31a and 315 for detecting,
an arc light leaking through the insulating spacers upon
occurrence of a ground-fault or a short-circuit are attached
to the 1insulating spacers confining the both ends of the metal
container; a gas pressure detector 11 for detecting a change
in the gas pressure 1s attached to each gas section; decom-
posed gas detectors 21a to 21c for detecting the 1onized gas
are attached to the individual gas blocks; the failure deter-
mining apparatus comprising a relay circuit 32 for incorpo-
rating operating signals of the photo-sensors; a sampling
circuit 12 for fetching a change 1n the gas pressure from the
gas pressure detector 11; a failure determining circuit 13 for
determining a change in pressure 1n comparison with the
threshold value; a decomposed gas detector starting circuit
22 for starting power-supply to the decomposed gas detec-
tor; a sampling circuit 23 for detecting the gas concentration
from the decomposed gas detector; a failure determining
circuit 24 for determining presence/absence of a decom-
posed gas 1n comparison with the threshold value; and an
arithmetic control circuit 25 for determining occurrence of a
cround-fault or a short-circuit when the gas section for
which the photo-sensors have operated agrees with the gas
section 1n which a pressure 1ncrease of over the threshold
value has occurred, and a decomposed gas exceeding the
threshold value 1s produced 1n a gas block within the same
gas section; wherein the failure determining apparatus has a
function of controlling the sampling circuit 23 so as to obtain
an output of the decomposed gas detector only for the gas
block within the gas section on the basis of the gas section
information when the gas section for which the photo-
sensors have operated agrees with the gas section in which
a pressure increase of over the threshold value has occurred.

In the drawings showing the configuration of the above-
mentioned embodiments, the attachment position of the
detector relative to the gas section differs between the
high-speed developing sensor 14 and the low-speed devel-
oping sensor 15, or between the gas pressure detector 11 and
the decomposed gas detector 21. That 1s, for the same gas
section, the-detectors are individually attached to the metal
container 1. As a result, the internal gas pressure or a change
in temperature or chemical composition would be measured
at different points on the metal container. When carrying out
calculation for determination of a failure using wvalues
obtained from the mdividual detectors, there 1s a problem of
a lower reliability of the result of determination. Many gas
supply and discharge ports or gas supply and discharge
valves are required, resulting 1n a higher fabrication cost and
parts cost. Another problem is that the detectors occupy
large spaces. These problems are solved in the following
embodiments.

Embodiment 10

FIG. 11 1s a configuration diagram showing the attach-
ment arrangement of detectors in the failure determining
apparatus of a gas-mnsulated electrical appliance of an
embodiment 10 of the invention. In FIG. 11, 4 represents a
communication piping attached in communication with the




US 6,661,234 B2

19

gas supply and discharge ports 5a and 5b of a gas section of
the metal container; 6, a gas piping connected to the com-
munication piping 4 via a gas supply/discharge valve 7,
having a gas piping 8 branching therefrom. A gas pressure
detector 11, a decomposed gas detector 21 and a temperature
detector 41 are attached to the gas piping 8, respectively, via
insulators 9a, 9b, and 9¢ having throughholes. The detecting
sections of the aforementioned detectors 11, 21 and 41 are
exposed to the gas to be measured via the throughholes. The
detectors 11, 21, and 41 are attached to the same gas piping
system, 1.e., the gas piping 8 branching from the same gas
piping 6, respectively.

The operations will now be described. The gas density 1s
usually controlled, in the gas sections of the metal container
1, by detecting the gas pressure signal corresponding to the
gas pressure by means of a gas pressure detector 11, and
detecting the gas temperature by means of a temperature
detector 41. Under abnormal conditions, in the gas sections
of the metal container 1, occurrence of a ground-fault with
the charged conductor 2 causes a sudden increase in the
insulating gas pressure. Failure determination is therefore
performed by detecting the pressure increase by means of
the gas pressure detector 11, then, detecting the decomposed
ogas mainly comprising F 1ons produced by the high tem-
perature of arc energy by means of the decomposed gas
detector 21, and carrying out failure determination in this
gas section by two different functions. The details of the
operation are as described above as to the embodiment 3.

The detectors 11, 21 and 41 shown 1n FIG. 11 are attached,
to the gas piping 8, respectively, branching from the same
gas piping system, 1.€., the same gas piping 6. Attachment of
detectors to the same gas piping system as described above
leads to a higher reliability of the result of determination,
permit reduction of the number of the gas supply/discharge
ports Sa and 5b, gas supply/discharge valves 7 or the gas
piping, inhibition of the fabrication cost and the parts cost of
the metal container 1, reduction of the occupied space, and
improvement of the degree of freedom of layout of the
cgas-insulated electrical appliances.

Embodiment 11

FIG. 12 1s a configuration diagram showing the attach-
ment arrangement of the detectors in the failure determining
apparatus of a gas-msulated electrical appliance of an
embodiment 11 of the mnvention. In FIG. 11, represents a gas
supply/discharge port, which 1s provided for each gas sec-
tion. FIG. 11, while showing the attachment condition of
only one gas section, does not show the other gas sections.
The gas piping 6 1s connected to the gas supply/discharge
port § via the gas supply/discharge valve 7. It 1s possible to
attach the gas piping 6 to the gas supply/discharge port 3,
and this gives the same advantages as 1n the embodiment 1.
Embodiment 12

FIG. 13 1s a configuration diagram showing arrangement
of the attached detectors 1n the failure determining apparatus
of a gas-insulated electrical appliance of an embodiment 12
of the mvention. In FIG. 13, 42 represents an insulating
detector mounting block which forms therein the gas piping
8 branching from the gas piping 6. A space 44 1s provided
in the insulating detector mounting block 42 so that the
detecting sections 43 of all the detectors are exposed to the
cgas. The gas pressure detector 11, the decomposed gas
detector 21 and the temperature detector 41 are mounted,
respectively, on the gas piping 8. Electric insulation 1is
maintained between the metal container land the individual
detectors.

Also 1 FIG. 13, 45 represents a case housing the detectors
there 1n and covers all the detectors so that they are integral.
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The case 45 1s secured by bolts (not shown) to a mounting
block 42. The reference numeral 46 represents a gas
opening/closing valve provided at the exit of a piping
communicating with the branched gas piping 8 and capable
of releasing the gas contained. With the closed gas supply/
discharge valve 7, opening of the gas opening/closing valve
46 permits discharge of the gas contained-in the detectors
and the gas piping 6 and 8. The detectors 11, 21 and 41
mounted on the same 1nsulating detector mounting block 42
arc housed 1n the case 45 to achieve integrated detectors.
They are attached, for each gas section of the metal con-
tainer 1, via the gas piping 6, the gas supply/discharge valve
7, and the gas supply/discharge port 5. The failure deter-
mining circuit and the arithmetic control circuit are provided
by and by outside the insulating detector mounting block 42
and the case 435.

The operations will now be described. The gas density 1s
usually monitored, in the gas blocks of the metal container
1, by detecting a gas pressure signal corresponding to the gas
pressure by means of the gas pressure detector 11, and
detecting the gas temperature by means of the temperature
detector 41 to convert the gas pressure 1nto temperature in
units of 25° C. Under abnormal conditions, in the gas section
of the metal container 1, occurrence of a ground-fault with
the charged conductor 2 causes a sudden increase in the
insulating gas pressure. Failure determination for that gas
section 1s accomplished by detecting the 1ncrease in pressure
by means of the gas pressure detector 11, then detecting the
decomposed gas mainly comprising F 1ons, produced by the
high temperature resulting from arc energy, by means of the
decomposed gas detector 21, and subjecting the result of
detection to calculation processing.

By arranging the detectors on the same detector mounting
block 42 made of an 1nsulator, 1t 1s possible to keep electrical
insulation of all the detectors, and to measure a change 1n gas
status 1n the same gas piping system at a point on the metal
container. When conducting calculation by using values
obtained from the detectors, there 1s available a higher
reliability of the result of failure determination. It i1s also
possible to reduce the number of gas supply/discharge
valves 7 or the gas piping, inhibit the fabrication cost or the
parts cost of the metal container 1, and reduce the occupied
space. By using the detector mounting block 42 made of an
insulator, 1t 1s possible to reduce the gas path length from the
metal container 1 to the detectors, and minimize changes in
the state of gas, thus leading to an 1mproved detection
accuracy and an improved reliability of the result of failure
determination.

By adopting the configuration in which a space 44 1s
provided and the detecting sections of the detectors can be
incorporated 1nto the detector mounting block 42, the detect-
ing sections are reduced 1n size, leading to an 1mproved
degree of freedom of layout of the gas-insulated electrical
appliance. Provision of the gas opening/closing valve 46, it
1s possible to carry out operational checkup of the detectors
without the need to inject and discharge the insulating gas on
the gas-insulated electrical appliance side, by closing the gas
supply/discharge valve §. By providing the case 45, the
detecting sections can be protected from a shock 1n outdoor
environment or from outside, and the detecting sections can
be treated as an 1ntegral assembly, thus 1improving operabil-
ity for attachment, removal and transportation.

In FIG. 13, the size of a concrete example of the failure
determining apparatus of a gas-insulated electrical appliance
1s shown. The gas piping 6 has an inside diameter of 19 mm,
and the monitoring apparatus of gas-insulated electrical
appliance 47 1s arranged near the metal container 1. The




US 6,661,234 B2

21

branch gas pipmng 8 1s smaller 1n diameter than the gas
piping 6, and the space 44 has an 1nside diameter larger than
the gas piping 6. The 1nsulating detector mounting block 42
having the detectors and the gas opening/closing valve and
the case 45 together form the monitoring apparatus 47 for
cgas-insulated electrical appliance 47, and these components
have total dimensions of a length of about 150 mm, a width
of 100 mm, and a height of 120 mm. Of this height, the
insulating detector mounting block 42 has a height of 50
mm. With this concrete example, 1t 1s possible to measure
data such as pressure, concentration and temperature of a gas
section of the metal container and carry out failure deter-
mination with the gas pressure detector 11, the decomposed
ogas detector 21, and the temperature detector 41.
Embodiment 13

FIG. 14 1s a configuration diagram showing the arrange-
ment of attachment of the detectors 1n the failure determin-
ing apparatus of a gas-insulated electrical appliance of an
embodiment 13 of the invention. In the monitoring appara-
tus for gas-insulated electrical appliance 47, a gas pressure
detector 11, a decomposed gas detector 21, and a tempera-
ture detector 41 are arranged on the same metal detector
mounting block 48 via insulators 49a, 495 and 49c, respec-
tively. A gas piping 8 branched from a gas piping 6 1s formed
in the metal detector mounting block 48. A space 44 1is
provided 1n the metal detector mounting block 48 so as to
expose the detecting sections 43 of the detectors are exposed
to the gas, and the gas pressure detector 11, the decomposed
gas detector 21, and the temperature detector 41 are mounted
on the gas piping 8 via the insulators 49a, 4956 and 49c,
respectively. Electric isulation 1s kept with these insulators
between the metal container 1 and the detectors. A gas
opening/closing valve 46 1s similarly provided. A case 45
houses these detectors and is secured by bolts (not shown)
to the mounting block 48 to cover them. These features
permit manufacture of the detecting sections at a low cost.

By adopting the aforementioned configuration, there are
available the same advantages as in the embodiment 12. The
insulators 49a, 496 and 49¢ may be made of the same
insulating substrates.
Embodiment 14

FIG. 15 1s a configuration diagram showing arrangement

[

of attached detectors 1n the failure determining apparatus of
a gas-1nsulated electrical appliance of an embodiment 14 of
the vention. In FIG. 15, 50 represents an insulator for
insulating two components by providing, for example,
between a metal detector mounting block 48 and a gas
supply/discharge port 5, or between the gas piping 6 and a
ogas supply/discharge valve 7. It 1s thus possible to omit the
insulator between the metal detector mounting block 48 and
the detectors, reduce the number of insulators used, and
minimize the parts cost.
Embodiment 15

FIG. 16 1s a configuration diagram showing the arrange-
ment of attached detectors 1n the failure determining appa-
ratus of an gas-insulated electrical appliance of an embodi-
ment 15 of the invention. In FIG. 15, a temperature detector
1s 1ncorporated into a decomposed gas detector to form a
temperature/decomposed gas detector 51. This temperature/
decomposed gas detector 51 and a gas pressure detector 11
are arranged on the same 1nsulating detector mounting block
52. A gas piping 53 branched from a gas piping 6 1s formed
in the detector mounting block 52, and a space 54 for
exposing the detecting sections of the detectors 1s formed.
The reference numeral 46 represents a gas opening/closing
valve. A case 45 covers all the detectors as in the embodi-

ment 14.
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By using the above-mentioned configuration, it 1s possible
to reduce the number of detectors and reduce the cost of the
detecting sections. It 1s also possible to reduce the size of the
detectors, thus permitting improvement-of operability in
attaching, removing and transporting, the further improve-
ment of the degree of freedom of layout of the gas-insulated
clectrical appliances.

The gas supply/discharge value 7 may be directly attached

to the gas supply/discharge port 5.
What 1s claimed is:

1. A failure determining apparatus of a gas-insulated
clectrical appliance determining a failure, having a cylin-
drical metal container, a charged conductor housed 1 said
metal container filled with an insulating gas, and a plurality
of 1nsulating spacers insulation-supporting said charged
conductor from said metal container and partitioning the
interior of said metal container 1nto gas sections, compris-
Ing:

a high-speed developing sensor which detects a high-

speed phenomenon caused by a failure within said gas
sections;

a first failure determining circuit which determines the
presence of said failure from an output of said high-
speed developing sensor;

a low-speed developing sensor which detects a low-speed
phenomenon caused by said failure within said gas
sections:;

a second failure determining circuit which determines the
presence of said failure from an output of said low-
speed developing sensor; and

an arithmetic control circuit that identifies a failure gas
section of said metal container in which said failure
occurs from an output of said first faillure determining
circuit and said second failure determining circuit.
2. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 1, wherein:

said high-speed developing sensor 1s a gas pressure detec-
tor which detects a change 1n the gas pressure of said
gas sections;

and said low-speed developing sensor 1s a decomposed
gas detector which detects a decomposed gas concen-
tration of said gas sections, said failure determining
apparatus further comprising:
a first sampling circuit which fetches the change 1n the
gas pressure from said gas pressure detector on the
basis of a failure current detection signal; and
a second sampling circuit which fetches the decom-
posed gas concentration from said decomposed gas
detector, wherein:
said first failure determining circuit determines a first
accident occurring gas section when a change 1n
gas pressure fetched by said first sampling circuit
1s over a first threshold value;

sald second failure determining circuit determines a
second accident occurring gas section when a
decomposed gas concentration fetched by said
second sampling circuit 1s over a second threshold
value; and

said arithmetic control circuit determines occurrence
of said failure 1n said failure gas section of said
metal container when said decomposed gas con-
centration exceeding said second threshold value
occurs within said failure gas section 1n which an
increase 1n pressure ol over said first threshold
value occurs, on the basis of output of determina-
tion of said first failure determining circuit and
said second failure determining circuit.
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3. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 2, further compris-
Ing:

a photo-sensor which detects an arc light leaking upon

occurrence of a failure 1n said gas sections; and

a relay circuit which incorporates an operation signal of
said photo-sensor;

wherein said arithmetic control circuit determines occur-
rence of said failure in said failure gas section of said
metal container when said decomposed gas concentra-
tion of over said second threshold value occurs 1n said
failure gas section 1n which a pressure increase of over
said first threshold value has occurred, and said photo-
sensor has operated 1n said failure gas section.

4. A failure determining apparatus of a gas-insulated

clectrical appliance according to claim 3, wherein:

said arithmetic control circuit controls said second sam-
pling circuit so as to obtain said output of said decom-
posed gas detector only for specific ones of said gas
sections on the basis of the gas section information
sensed by said photo-sensor.

5. A failure determining apparatus of a gas-insulated
electrical appliance according to claim 3, further compris-
Ing:

a decomposed gas detector starting circuit that causes said

decomposed gas detector to begin to function.

6. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 2, wherein:

said arithmetic control circuit controls said second sam-
pling circuit so as to obtain said output of said decom-
posed gas detector only for specific ones of said gas
sections on the basis of gas section information as
determined by said gas pressure detector.

7. A failure determining apparatus of a gas-insulated
electrical appliance according to claim 2, further compris-
Ing:

a decomposed gas detector starting circuit that causes said

decomposed gas detector to begin to function.

8. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 1, wherein:

said high-speed developing sensor 1s an 1mpact gas pres-

sure detector which detects an 1impact gas pressure of
said gas sections; and

said low-speed developing sensor 1s a decomposed gas
detector which detects a decomposed gas concentration
1in said gas sections, said failure determining apparatus
further comprising:
a relay circuit which incorporates an operation signal of
said 1mpact gas pressure detector; and
a sampling circuit which fetches the decomposed gas
concentration from said decomposed gas detector;
wherein:
said second failure determining circuit determines an
accident occurring gas section when the decom-
posed gas concentration fetched by said sampling
circuit 1s over a prescribed threshold value; and
said arithmetic control circuit determines occurrence
of said failure 1n said failure gas section of said
metal container when there occurs said decom-
posed gas concentration exceeding said prescribed
threshold value within said failure gas section for
which said impact gas pressure detector has oper-
ated on the basis of an output of said relay circuit
and said second failure determining circuit.
9. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 8, wherein:
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said arithmetic control circuit controls said sampling
circuit so as to obtain said output of said decomposed
gas detector only for specific ones of said gas sections
on the basis of gas section information as determined
by said gas pressure detector.

10. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 8, further compris-
Ing:

a decomposed gas detector starting circuit that causes said

decomposed gas detector to begin to function.

11. A failure determining apparatus of a gas-insulated
electrical appliance according to claim 1, wherein:

saild high-speed developing sensor 1s a photo-sensor
which detects an arc light leaking upon occurrence of
a failure 1n said gas sections; and

said low-speed developing sensor 1s a decomposed gas
detector which detects a decomposed gas concentration
of said gas sections, said failure determining apparatus
further comprising:
a relay circuit which incorporates an operation signal of
said photo-sensor; and
a sampling circuit which fetches the decomposed gas
concentration from said decomposed gas detector;
wherein:
sald second failure determining circuit determines an
accident occurring gas section when the decom-
posed gas concentration fetched by said sampling
circuit 1s over a prescribed threshold value; and
said arithmetic control circuit determines occurrence
of said failure 1n said failure gas section of said
metal container when there occurs said decom-
posed gas concentration of over said prescribed
threshold value within said failure gas section in
which said photo-sensor has operated, on the basis
of an output of said relay circuit and said second
failure determining circuit.
12. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 11, wherein:

said arithmetic control circuit controls said sampling
circuit so as to obtain said output of said decomposed
gas detector only for specific ones of said gas sections
on the basis of the gas section information sensed by
said photo-sensor.

13. A failure determining apparatus of a gas-insulated
electrical appliance according to claim 11, further compris-
ng:

a decomposed gas detector starting circuit that causes said

decomposed gas detector begin to function.

14. A failure determining apparatus of a gas-insulated
clectrical appliance determining a failure, having a metal
container, a charged conductor housed 1n said metal con-
tainer filled with an insulating gas, and a plurality of
insulating spacers insulation-supporting said charged con-
ductor from said metal container and partitioning the interior
of said metal container 1nto gas sections, comprising:

a gas pressure detector which detects the gas pressure of
said gas section;

a first failure determining circuit which determines an
accident occurring gas section when an output of the
gas pressure detector 1s over a first threshold value;

a decomposed gas detector which detects a decomposed
gas of said gas section;

a second failure determining circuit which determines an
accident occurring gas section when an output of the
decomposed gas detector 1s over a second threshold
value; and
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an arithmetic control circuit which determines occurrence
of a failure 1n said gas section of said metal container
when a decomposed gas exceeding said second thresh-
old value occurs within a gas section 1 which an
increase 1n pressure ol over said first threshold value
occurs, on the basis of output of determination of said
first and second failure determining circuits;

wherein said detectors are arranged 1n a single gas piping

system derived from said gas section.

15. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 14, further compris-
Ing:

a detector mounting block made of an insulator having

therein a gas piping branching from a gas piping;

a gas pressure detector and a decomposed gas detector

attached to the branch gas piping of said mounting
block, respectively; and

a case secured to said block, covering these detectors.

16. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 14, further compris-
Ing:

a block having therein a gas piping branching from a gas

p1ping;

a gas pressure detector and a decomposed gas detector

attached to said branch gas piping of said block; and

a case secured to said block, covering these detectors.

17. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 14, further compris-
ing a temperature detector detecting the temperature of the
insulating gas of a gas section mounted 1n the decomposed
gas detector.

18. A failure determining apparatus of a gas-insulated
clectrical appliance determining a failure, having a cylin-
drical metal container, a charged conductor housed m said
metal container filled with an insulating gas, and a plurality
of 1nsulating spacers insulation-supporting said charged
conductor from said metal container and partitioning the
interior of said metal container into gas sections, compris-
Ing:

a plurality of high-speed developing sensors which detect

a high-speed phenomenon caused by a failure within
said gas sections;

a first failure determining circuit connected to said plu-
rality of high-speed developing sensors which deter-
mines the presence of said failure from an output of
said high-speed developing sensors;

a plurality of low-speed developing sensors which detect
a low-speed phenomenon caused by said failure within
said gas sections;

a second failure determining circuit connected to said
plurality of low-speed developing sensors which deter-
mines the presence of said failure from an output of
said low-speed developing sensors; and

an arithmetic control circuit connected to said first failure
determining circuit and said second failure determining
circuit that identifies which one of said gas sections of
said metal container in which said failure occurs from
an output of said first and second failure determining,
circuits.

19. A failure determining apparatus of a gas-insulated
clectrical appliance determining a failure, having a cylin-
drical metal container, a charged conductor housed 1n said
metal container filled with an insulating gas, and a plurality
of 1nsulating spacers insulation-supporting said charged
conductor from said metal container and partitioning the
interior of said metal container into gas sections, compris-
Ing:
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a high-speed developing sensor means for detecting a
high-speed phenomenon caused by a failure within said
gas sections;

a first failure determining circuit means for determining,
the presence of said failure from an output of said
high-speed developing sensor;

a low-speed developing sensor means for detecting a
low-speed phenomenon caused by said failure within
said gas sections;

a second failure determining circuit means for determin-
ing the presence of said failure from an output of said
low-speed developing sensor; and

an arithmetic control circuit means for identifying a
failure gas section of said metal container where said
failure occurs from an output of said first failure
determining circuit means and said second failure
determining circuit means.

20. A failure determining apparatus of a gas-insulated

electrical appliance according to claim 19, wherein:

said high-speed developing sensor means 1s a gas pressure
detector which detects a change 1n the gas pressure of
said gas sections;

and said low-speed developing sensor means 15 a decom-

posed gas detector which detects a decomposed gas

concentration of said gas sections, said failure deter-
mining apparatus further comprising:
a first sampling circuit means for fetching the change 1n
the gas pressure from said gas pressure detector on
the basis of a failure current detection signal; and
a second sampling circuit means for fetching the
decomposed gas concentration from said decom-
posed gas detector, wherein:
said first failure determining circuit means deter-
mines a first accident occurring gas section when
a change 1n gas pressure fetched by said first
sampling circuit means 1s over a first threshold
value;

sald second failure determining circuit means deter-
mines a second accident occurring gas section
when a decomposed gas concentration fetched by
said second sampling circuit means 1S over a
second threshold value; and

said arithmetic control circuit means determines
occurrence of said failure 1n said failure gas sec-
fion of said metal contamer when said decom-
posed gas concentration exceeding said second
threshold value occurs within said failure gas
section 1n which an increase 1n pressure of over
said first threshold value occurs, on the basis of
output of determination of said first failure deter-
mining circuit means and said second failure
determining circuit means.

21. A failure determining apparatus of a gas-insulated
electrical appliance according to claim 20, further compris-
Ing:

a photo-sensor which detects an arc light leaking upon

occurrence of a failure 1n said gas sections; and

a relay circuit means which incorporates an operation
signal of said photo-sensor;

wherein said arithmetic control circuit means determines
occurrence of said failure in said failure gas section of
said metal container when said decomposed gas con-
centration of over said second threshold value occurs 1n
said failure gas section 1n which a pressure increase of
over said first threshold value has occurred, and said
photo-sensor has operated 1n said failure gas section.
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22. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 21, wherein:

said arithmetic control circuit means controls said second
sampling circuit means so as to obtain said output of
said decomposed gas detector only for specific ones of
said gas sections on the basis of the gas section infor-
mation sensed by said photo-sensor.
23. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 20, wherein:

said arithmetic control circuit means controls said second
sampling circuit means so as to obtain said output of
said decomposed gas detector only for specific ones of
said gas sections on the basis of gas section information
as determined by said gas pressure detector.
24. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 19, wherein:

said high-speed developing sensor means 1s an impact gas
pressure detector which detects an 1mpact gas pressure
of said gas sections; and

said low-speed developing sensor means 1s a decomposed
gas detector which detects a decomposed gas concen-
tration 1n said gas sections, said failure determining
apparatus further comprising:
a relay circuit means for incorporating an operation
signal of said impact gas pressure detector; and
a sampling circuit means for fetching the decomposed
gas concentration from said decomposed gas detec-
tor; wherein:
said second failure determining circuit means deter-
mines an accident occurring gas section when the
decomposed gas concentration fetched by said
sampling circuit means 1s over a prescribed thresh-
old value; and
said arithmetic control circuit means determines
occurrence of said failure 1n said failure gas sec-
tion of said metal container when there occurs said
decomposed gas concentration exceeding said
prescribed threshold value within said failure gas
section for which said 1impact gas pressure detec-
tor has operated on the basis of an output of said
relay circuit means and said second failure deter-
mining circult means.
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25. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 24, wherein:

said arithmetic control circuit means controls said sam-
pling circuit means so as to obtain said output of said
decomposed gas detector only for specific ones of said
gas sections on the basis of gas section 1nformation as
determined by said gas pressure detector.
26. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 19, wherein:

said high-speed developing sensor means 1s a photo-
sensor which detects an arc light leaking upon occur-
rence of a failure 1n said gas sections; and
said low-speed developing sensor means 1s a decomposed
gas detector which detects a decomposed gas concen-
tration of said gas sections, said failure determining
apparatus further comprising:
a relay circuit means for incorporating an operation
signal of said photo-sensor; and
a sampling circuit means for fetching the decomposed
gas concentration from said decomposed gas detec-
tor; wherein:
sald second failure determining circuit means deter-
mines an accident occurring gas section when the
decomposed gas concentration fetched by said
sampling circuit 1s over a prescribed threshold
value; and
said arithmetic control circuit means determines
occurrence of said failure 1n said failure gas sec-
tion of said metal container when there occurs said
decomposed gas concentration of over said pre-
scribed threshold value within said failure gas
section 1n which said photo-sensor has operated,
on the basis of an output of said relay circuit and
said second failure determining circuit.
27. A failure determining apparatus of a gas-insulated
clectrical appliance according to claim 26, wherein:

said arithmetic control circuit means controls said sam-
pling circuit means so as to obtain said output of said
decomposed gas detector only for specific ones of said
gas sections on the basis of the gas section information
sensed by said photo-sensor.
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